Abstract. The isotopic composition and concentration of Ag and the concentration of Pd have been determined in the Santa Clara and Piiion iron meteorites. It is shown that these meteorites contain isotopically anomalous Ag with an excess of 107 Ag relative to normal Ag, confirming earlier findings. Using an improved procedure for cleaning the sample surface from terrestrial Ag, a new concentration of 14xl0 11 atoms of 1 0 9 Ag/g meteorite is established which is an order of magnitude below the levels found earlier. As a result ratios of 107 Ag/ 1 09 Ag were found which are enriched in 1 0 7 Ag by 60% to 160%. The existence of an excess 1 0 7 Ag in these two meteorites, which have high 1 0 1 Pd/ 1 0 9 Ag ratios of -7xl 0 4 , is established. TI1ese findings are consistent with the in situ decay of extinct 10 7 Pd (Ty. = 6.5xl0 6 y) produced by a late nucleosynthetic event shortly before solar system formation; however, production of Ag isotopes by reaction of cosmic ray secondaries with the Pd isotopes in the meteorites cannot be excluded.
107 Ag/ 1 09 Ag were found which are enriched in 1 0 7 Ag by 60% to 160%. The existence of an excess 1 0 7 Ag in these two meteorites, which have high 1 0 1 Pd/ 1 0 9 Ag ratios of -7xl 0 4 , is established. TI1ese findings are consistent with the in situ decay of extinct 10 7 Pd (Ty. = 6.5xl0 6 y) produced by a late nucleosynthetic event shortly before solar system formation; however, production of Ag isotopes by reaction of cosmic ray secondaries with the Pd isotopes in the meteorites cannot be excluded.
Introduction. I We present evidence for very large anomalies in the isotopic composition of Ag extracted from the Santa Clara and Piiion iron meteorites and establish that the 1 0 9 Ag concentration in these meteorites is about a factor of ten less than reported previously. Isotopically anomalous Ag has so far only been found in meteorites with very high Pd/ Ag ratios. hereafter KWl and KW2 or collectively as KW) discovered 10 7 Ag/ 1 09 Ag ratios greater than the terrestrial value by 4 to 7% in the Santa Clara iron meteorite. These workers also reported that the meteorite Pinon showed an excess in 107 Ag/ 109 Ag of 4% (oral presentation [KW2] ). TI1ey concluded that the 1 0 7 Ag* (* = excess) is most plausibly explained by the "decay of extinct 1 07 Pd (T* = 6.Sxl0 6 y) which was produced with 26 AI (T* = 7.3xl0 5 y) in a late stage nucleosynthetic event and injected into the early solar system together with 26 AI shortly before or during the formation of the meteorite parent bodies. This implies that late stage nucleosynthesis, condensation of refractory elements, and the earliest planetary differentiation occurred within a few half-lives of 1 0 7 ·Pd during the formation of the solar system. This discovery was made possible by the development of analytical capabilities which permit determination of the 1 0 7 Ag/ 1 0 9 Ag ratio on 10 1 1 atoms of Ag with a precision of 1% [Kelly, Tera, and Wasserburg, 1978; hereafter KTW] . The primary goal of this work was to test and extend the evidence for the presence of 1 0 7 Ag* and to clarify the variations in the Ag concentration reported by KW. KW found that the concentration of Pd and of 1 0 7 Ag* was constant in different samples of Santa Clara. However, a component of normal Ag was present which exhibited substantial variation in concentration among different pieces of the same meteorite. If this variable normal Ag component were truly indigenous to the meteorite, as a result of chemical fractionation into different mineral phases during the formation of the meteorite, then this would constitute strong evidence that the 1 0 7 Ag* was built up due to in situ decay of 1 0 7 Pd subsequent to the Pd-Ag fractionation. On the other hand, if the fluctuations in the amount of the normal Ag component were due to terrestrial contBnlination, this arguntent may not apply. Consequently we have made considerable efforts to eliminate contributions from terrestrial Ag to the limits of our technical capability.
Materillls. The acids described in the procedures below were produced by the National Bureau of Standards (sub-boiling distillation). Dilutions from 11-12 N HCl and 14 N HN0 3 were made using our quadruple distilled water (SiO, glass). Typical concentrations of Ag in these reagents were 6xl0 1 , 6xl0 1 , and 3xl0 8 atoms of Ag/g of reagent, respectively. Ion exchange resins from Bio-Rad (100-200 IJiesh), types AG l-x8 (Cl"-form), and SOW-x8 (IF -form) were used. Micro-columns for the ion exchange procedure were made of suprasil quartz. All other Si0 2 ware was of normal fused quartz. All samples were handled in Nalge PEP-Teflon beakers.
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Dissolution of meteorite samples. Sawed pieces of the meteorites were first cleaned from terrestrial Ag as follows. The outer surface was treated with analytical grade CC1 4 and methanol and then dissolved in 3-5 steps with hot aqua regia. Each step removed approximately 0.8 g of material from the surface. The samples were constantly turned during this step with quartz chop sticks in the Swiss manner. After each dissolution stage the residual metal piece was cleaned with cone. HCl from adhering FeOOH and thoroughly rinsed with H 2 0. An aliquot of the solution comprising all of the meteorite that was dissolved away in each "etching" step was then passed through the chemical separation procedure for Ag and Pd and analyzed in the mass spectrometer. The metal was dried in filtered N 2 in a Teflon pot with a quartz cover under an infrared lamp [see Sanz and Wasserburg, 1969) . The metal was then weighed and the change in weight determined the amount removed by etching. All samples were exanlined under a microscope for signs of preferential dissolution of phases and for penetration of acid into the interior. No indications for preferential leaching below the exposed surface could be seen except for black nodules, 0.1-2 mm in size, most likely daubreelite, which were more rapidly dissolved than the surrounding metal matrix. A piece of Pinon was examined with a scanning electron microscope before and after the chemical treatment of the surface. The original surface showed I 0-200 llfTI deep rills produced by the saw. After chemically removing a -450 llfTI thick surface layer, the saw marks had disappeared and the metal matrix showed an etching pattern -1-S llfTI in size due to preferential dissolution of kamacite compared to taenite. With this exception, the metal matrix looked dense and smooth. Schreibersite nodules (size 5-500 llfTI) stood in high positive relief (-100 ~t~~~) indicating that they dissolved more slowly than the surrounding metal. Most schreibersite grains were found in spindle shaped cavities (50-500 ~o~m). These were probably filled originally with pure kamacite [see Buchwald, 1975] which was preferentially removed during etching.
We believe that the alteration of the bulk sample composition due to the surface cleaning procedure and etching steps is small compared to the sample size and that the metal removed in each step represents successive layers of metal which are concentric with the central piece.
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S~paration of A.g from the meteoritic metal-Based on the experience gained from the microchemical separation of Pb [Tera and Wasserburg, 1975] , a separation procedure for Ag has. gradually been developed by KTW and KW. The procedure described below is a summary of the methods used by us and follows KTW+KW. After dissolution, 1-2 g meteoritic FeNi in SO ml 0.1 N HCl was passed through a 1 rnl anion exchange column (5 mm I.D.). The column, which retains both Ag and Pd, was washed with S rnl 0.1 N HCl and S rnl 0.001 N HCI. Ag and Pd were eluted successively with S rnl 9 N HCl and 25 rnl 9 N HCI, respectively. The Pd fraction of selected samples which had been totally spiked with 102 Pd was then taken for mass spectrometric analysis. The eluate containing the Ag was loaded in 2 rnl 0.1 N HCl onto a second anion exchange column (0.16 rnl), washed with 2 rnl 0.1 N HCl and I rnl 0.001 N HCl, and eluted with 1 rnl 9 N HCI. Subsequently Ag was transferred in I rnl 0.1 N HN0 3 to a 0.12 ml cation exchange column, washed with I rnl 0.1 N HN0 3 and I rnl 0.001 N HCl, and' eluted with 2 ml 0.1 N HCI. The cation exchange step was repeated on a second column. Finally Ag was loaded in 2 rnl 0.1 N HCl onto a 0.06 rnl anion exchange column and washed succesSively with 2 rnl 0.1 N HCl, S rnllN HCI, I rnl 0.001 N HCl, and 0.2 rnl H 2 0. The upper part of the column had been carefully cleaned from residual HCl before Ag was eluted with 1.1 rnl IN HN0 3 • To the eluate of the last column 2-3 ~o~I 0.1 N H 3 P0 4 were added and the solution evaporated to a dmplet of -0.1 mm size. Two drops of HN0 3 were added and evaporated. The sample was fmally taken up in 8 ~o~l H 2 0, added to -0.1 lng silica-gel, which had been previously loaded into a V-shaped Re-fllament and dried. The blank for the total chemical and loading procedure was 1.3-2.Sxl0 1 0 atoms of 109 Ag. F?r samples less than 400 mg, the fust anion column was omitted Detector: Faraday cup. ( ) Concentrations determined on aliquots of composition experiment. Small part spiked after separation assuming yield is I 00%. Data in column 3 are the raw ratios measured at 1000-104o•c (no corrections for CaPOt, AsS+ were necessary). Corrections for blank in this table depend on the size of the aliquots passed through chemistry.
reducing the procedural blank to S-20x10 9 109 Ag atoms. After each experiment, the resin was discarded and the columns reloaded. After every sample -6x10 1 0 atoms 1 09 Ag tracer were passed through the procedure to determine the blank. After every spiked sample a Ag normal of the usual sample size was processed and its isotopic ratio determined to be normal within 0.2-1% establishing that no 109 Ag tracer remained.
Mass spectrometry. The thermal ionization mass spectrometer systems used to determine the isotopic ratios were described in detail by Wasserburg, Papanastassiou, Nenow, and Bauman [1969) . The technique of measuring Ag was described by KTW and KW. An electron multiplier (gain of -3000) was used as a detector in the current mode for most analyses. The linearity of the multiplier was determined by Chen and Wasserburg [1980) for U normals using a 233 U/ 236 U double spike and was found to be better than O.S% for currents of I 0 4 -10 6 ions/sec.
Comparison of the performance of the multiplier and the Faraday cup in the same experiment showed that the differences in the measured isotopic ratios of Ag could be explained well within error by the square root of the mass correction law. The smallest ion beams used for isotopic measurements were 10 4 -10 6 ions/sec with an ionization efficiency of -I%. The measurements were made at filament temperatures from 10oo•C-12SO•c to check for possible interferences. The compounds Ass+ and CaPO't, which interfere at mass 107, were monitored at masses 108 and 103, respectively. For all runs at temperatures up to 1100•c no variations in the Ag isotopic composition could be detected other than those due to mass fractionation. At temperatures higher than 1100°C, good agreement with the data taken under normal operating conditions could be obtained after substantial corrections for CaPOt had been
applied. An analog scan is shown in Fig. I . Using slit widths for the source ·and the detector of 0.1 mm and 0.4S mm, respectively, satellite peaks at masses I OS, I 06, I 07, I 08, and I 09 due to hydrocarbons could be resolved. With proper focussing and by aid of a coldfinger the intensity of satellite peaks relative to the main peak could be kept at a level which excluded significant contributions to the main peak from the tail of the hydrocarbon peak.
Results. Table I shows the results of our Ag analyses. Next to the list of samples, the weight of the meteoritic metal is given for the total sample prior to etching and the weight of each fraction removed for the corresponding analysis. Each solution was divided into aliquots for concentration and composition experiments. The concentrations of Ag are given as the number of 1 0 9 Ag atoms per gram of dissolved metal in each etching step (columns S and 6). We found high 109 Ag concentrations in the outermost I 00-300 ll1ll thick metal layers of Pili on (#D, 1st fraction) and of Santa Clara (#1060.1, 2nd fraction). With increasing distance from the original surface, the concentration of 1 0 9 Ag dropped by 2-3 orders of magnitude. The isotopic composition of Ag (rows 3 and 4) close to the surface of the samples was nearly indistinguishable from the terrestrial value. With increasing depth successively highet> ·ratios of 107 Ag/ 1 09 Ag were observed but the concentration of 1 0 7 Ag* remained constant. In the case of Santa Clara #1060.1 there is sufficient data to show that 10 7 Ag/ 1 09 Ag increases as a function of depth and then reaches a constant value for the last three interior samples. The 10 7 Ag/ 1 09 Ag value at this plateau is interpreted as the ratio intrinsic to this piece of the meteorite. The chemical yield of the separation procedure was 70-100% except for two cases where an aliquot was lost. Concentrations given in parentheses in Table I were determined by spiking a small part of the eluate with 109 Ag tracer after it had been passed unspiked through the chemical procedure. Yields of 100% were assumed. The remainder of the eluate was used to determine· the isotopic composition. These concentrations are possibly too small by up to 30%. For the central pieces ofPiii.on #D, Piii.on #2B, Santa Clara #1060.1, and Santa Clara #9, and for fraction S of Santa Clara #1060.1 separate aliquots were used to determine the concentration and isotopic composition, the aliquot for the concentration experiment having been spiked with 1 0 9 Ag tracer before passing it through the chemical procedure. In these cases the corresponding isotopic composition, determined independently (Table I, assumed. This might have introduced an error of up to 20% into the calculation in addition to the error of the concentration data given in Table I , col. 6. Our results strongly indicate a contamination of the sample surfaces with terrestrial Ag which could be removed by dissolving a metal layer of 0.5-1 mm from the surface. The contamination was detectable as deep as 0.5 mm below the surface indicating material containing Ag had been worked into the metal during sawing. The level of 109 Ag found in the cleaned samples (central pieces in Table I ) is smaller by 1-2 orders of magnitude than the smallest Ag concentration for any iron meteorite ever reported. It is possible that some earlier determinations of Ag as well as other minor trace elements in iron meteorites may have been affected by this kind of problem. The contamination is not manifest at the high concentration levels of Pd. The Pd concentrations were determined on aliquots of the solutions of the central pieces for Piiion #D and #2B, and for Santa Clara #9 and #I 060.1. The results were 13.2±0.2 IJ.g/g and 13.0±0.2 IJ.g/g for the Piiion samples and 9.8±0.2/lg/g and 9.7±0.1/lg/g for the Santa Clara samples. These agree within 2% with the Pd concentrations reported by KW. The constant Pd concentrations indicate that there was no differential dissolution of phases enriched in Pd and support the argument that the "etching" procedures simply dissolved the bulk layer of the meteorite samples. In addition to the data on Santa Clara and Piiion presented above, we also report on the Ag isotopic composition in Tlacotepec, a IVB iron meteorite (Table I ). The concentrations of Ag and Pd were given by KW2 (Pd/ Ag = 6370) and the isotopic composition was reported orally [KW2] . However, the sample surface had not been thoroughly cleaned by etching. As a result the Ag concentration obtained may be too high and correspondingly the 1 0 7 Ag/ 1 0 9 Ag ratio too small due to a contamination with nor· mal Ag. Nevertheless, it may be safely concluded from these data that 107 ~*<0.3x10 11 atoms/g and 107 Ag*/ 1 01 Pd<3xl<f 6 in Tlacotepec. ·
Discussion
The silver contents of Piiion and Santa Clara were found to be extremely low and of highly unusual isotopic composition. The concentration level of 14 x 10 11 109 Ag atoms/g is much smaller than that reported by KW and is less by 1-2 orders of magnitude than all Ag concentrations so far measured in meteorites. The 1 0 7 Ag/ 1 0 9 Ag ratio is found to range from 1.7 to 2.8 as compared with the measured normal value of 1.09. This corresponds to a relative increase in 107 Ag/ 1 09 Ag of 60-160% compared to normal Ag and is approximately 10 times higher than that reported eadier by KW. The number of 11toms of excess 10 7 Ag*/g meteorite, assuming the 109 Ag represents normal Ag, is different for these two meteorites and identical to the values reported by K.W. The present results show that the correlation of 107 Ag/ 109 Ag and Pd/ Ag reported earlier for Santa Clara [KW2] was a result of terrestrial Ag contamination of the sample surfaces. Anomalous Ag has so far been found only in meteorites which have a very high Pd/ Ag ratio. While the anomalous Ag observed in the Santa Clara and Piiion iron meteorites is reasonably well explained by the presence of normal solar system Ag and 1 0 7 Ag* from in situ decay of 1 0 7 Pd, it is irltportant to consider alternative possibilities such as irradiation of the meteorite parent body or in situ fission of a siderophilic or chalcophilic superheavy element. In the foll~wing we will discuss each of these possible mechanisms. [Lee, Papanastassiou and Wasserburg, 1977] . This matter was extensively discussed by KW who pointed out that the presence of 1 07 Pd of nucleosynthetic origin in iron meteorites would provide a direct temporal connection between a sudden late nucleosynthetic event and the formation and differentiation of small planets. So far 26 Al and 1 0 7 Pd are the only two nuclei with half lives less than 10 7 yr for which positive evidence exists, although a small negative anomaly in 1 3 5 Ba in the Cl FUN inclusion suggests condensation occured before complete decay of 135 Cs (T~ = 2.3xl0 6 y) [McCulloch and Wasserburg, 1978] Irradiation. The possibility of an intense local proton irradiation in the early solar system has been most recently discussed by Lee [1978] .
Late stage nucleosynthesis.
Effects from long term bombardment by galactic cosmic rays can be excluded as a source for isotopic anomalies in stony meteorites both in terms of general nuclear systematics and the short irradiation ages of these bodies. For some iron meteorites with long irradiation ages, it is possible tliat some isotopic effects may be due to nuclear reactions. In particular, Ag isotopes produced by the bombardment of Pd in iron meteorites could yield a data array which is almost indistinguishable from that resulting from in situ decay of 1 07 Pd produced in late stage nucleosynthesis. There is at present no cosmic ray irradiation age of Santa Clara. For Pinon a very old exposure age of-1 AE has been estimated from the 3 HerHe ratios [Bauer, 1963] and from the isotopic composition of K [Voshage, 1967; Voshage and Feldman, 1979] . The concentrations of 4 He, 21 Ne, and the excesses of 33 S and 36 S due to spallation on Fe in Piiion were determined to be 3.8xl0
14 , 1.3xl0 number of Ag atoms in Piiion. However, the target Pd is 10 6 times less abundant than Fe. Monte Carlo calculations for interaction of 1 and 3 GeV protons with an iron target showed that depending on irradiation geometry, mainly due to secondary neutrons, products with masses close to the target mass can be produced several orders of magnitude more efficiently than products like Ne from Fe [Armstrong, 1969] . Inspection of [Voshage, 1967] . These observations indicate that either the flux of lower energy interacting particles was much less in Tlacotepec than in Piiion or that the 1 0 7 Ag* in Piiion was not produced by cosmic rays. If it were possible to fmd 1 0 7 Ag* in an iron meteorite with a very young exposure age, then the arguments in favor of 1 07 Pd from nucleosynthetic sources would be greatly strengthened. A more extensive analysis of the nuclear interactions on Pd in iron meteorites is clearly required.
